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Sectoral Productivity Growth in China
Baiding Hu and Michael McAleer
Department of Economics
University of Western Australia
Abstract: Rapid economic growth in the 1990s in China raised the question of whether the high growth
was achieved by augmenting economic scales and increasing investment, through productivity lifting and
efficiency improvement, or both. This paper analyses and evaluates total factor productivity growth and
technical efficiency in five sectors that encompass the full spectrum of the economy. Assuming a constant
rate of technological progress, a random effects panel data model is estimated to quantify total factor
productivity growth over the period 1991 to 1997, which covers the prominent eighth five-year period. The
panel consists of data from 30 Chinese provinces on output, capital and labour for (i) Agriculture, (ii)
Industry, (iii) Construction, (iv) Transportation, Post and Telecommunications, and (v) Services. Strong
total factor productivity growth was recorded in Agriculture and Transportation, Post and
Telecommunications over the sample period. In the other three sectors, total factor productivity growth
slowed down and even declined.
Keywords: sector, total factor productivity, technical efficiency, panel data model, regions, provinces.

1. INTRODUCTION
Rapid economic growth in the 1990s in China
attracted world-wide attention, with the real GDP
growth rate from 1991 to 1997 averaging over 10
per cent per annum (China Statistical Year Book,
1998). It is important to investigate whether the
high growth was achieved by augmenting
economic scales and increasing investment,
through productivity lifting and efficiency
improvement, or both. Previous productivity
studies on China’s economy have been concerned
largely with productivity differentials between
different ownerships, or with productivity in a
single sector or a section of the economy (see, for
example, Jefferson et al. (1992, 2000), Hu (2001),
Zhang et al. (2001), Xu and Wang (1999), Zheng
et al. (1998), Zhang and Zhang (2001), Liu and
Zhuang (2000), Wu (1995, 2000), Xu (1999), Chen
(1996), and Liu and Yoon (2000)).

Productivity performance in these sectors offers
insight into how productivity contributes to
growth in the sectors individually, and hence the
economy as a whole. Assuming a constant rate
of technological progress, a random effects panel
data model is estimated to quantify total factor
productivity growth over the period 1991 to
1997, which encompasses the prominent eighth
five-year period. The panel consists of data from
30 provinces on output, capital and labour for the
five sectors, with total factor productivity growth
being estimated separately for each of the
sectors.
The plan of the paper is as follows. Section II
discusses the data and estimation. Section III
analyses the empirical results. Some concluding
remarks are given in Section IV.
2. DATA AND ESTIMATION

The paper analyses and evaluates total factor
productivity growth and technical efficiency in five
sectors, namely, Agriculture (agr), Industry (ind),
Construction (con), Transportation, Post and
Telecommunications (tpt), and Services (ser),
which span the full spectrum of the economy.
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Following Cornwell et al. (1990), Fecher and
Pestieau (1993) and Wu (1995), the paper
employs the random effects panel data model
with a time variable to capture technological
progress, namely:

yij ,t = a i + h i t + b i ' x ij ,t + vij ,t + uij ,t

(1)

eˆij ,t = yij ,t - (aˆ i + hˆi t + bˆi ' x ij ,t )

where

are used in eˆij ,t = g ij + d ij t + q ij t 2 to estimate the

i = agr , ind , con, tpt , ser , t = 1991, ⋅ ⋅ ⋅ , 1997 ,
j = 1, ⋅ ⋅ ⋅ , 30 (provinces),

yagr j ,t , yind j ,t , and

ycon j ,t are the logarithms of gross output value,

growth rate of total factor productivity (TFP),
DTFP , as

ytpt j ,t and yser j ,t are the logarithms of value-

DTFPij = hˆi + (dˆij + 2qˆij t ) ,

a d d e d
o u t p u t ,
x agr j ,t = (labour , machinery, fertilizer , land )¢ ,

and technical efficiency (TE) as

x ind

TEij = exp(eˆij ,t - eˆmax ) .

= (labour , net value of fixed assets )¢ ,

j ,t

(2)

(3)

x con j ,t = (labour , machinery)¢ ,
x tpt

j ,t

= (labour , fixed assets )¢ ,

x ser

j ,t

= (labour , fixed assets )¢ ,

error, and

3. EMPIRICAL RESULTS

v ij ,t

is an iid

u ij ,t is the inefficiency term with non-

positive values which is independent of the white
noise error. Machinery is measured in kw for both
agr and con, fertilizer is measured in tonnage, and
land is measured in hectares. Direct measures of
capital stock for tpt and ser are not available so a
proxy is used, namely: for 1993 to 1997, the sum
of newly increased fixed assets through capital
construction and newly increased fixed assets
through innovation; and for 1991 and 1992, newly
increased fixed assets were not available, so the
sum of investment in capital construction and
investment in innovation is used. Owing to the
lagged effects of investment, newly increased fixed
assets are preferred to investment. All data are
expressed in 1997 prices.

The estimated coefficients of equation (1) are
given in Table 1, with asymptotic standard errors
in parentheses.
Most of the coefficients are statistically
significant at the 5% level. Capital for tpt is
negatively related to output, but is statistically
insignificant. Land played a significantly
negative role in determining agricultural output
because the total area under cultivation has been
declining continuously since the late 1970s,
whereas total agricultural output has been rising
due to improvements in output per unit of land.

Model (1) is estimated using least squares. The
estimated residuals
Table 1. Production Function Estimates

a

agr
0.9264 (1.1057)

ind
-0.9107 (0.4187)

Sector
con
1.8960 (0.6590)

tpt
0.0135 (0.6813)

h

0.0122 (0.0092)

0.0410 (0.0549)

0.0845 (0.0076)

0.0050 (0.0081)

0.0066 (0.0096)

0.0431 (0.0350)

1.0517 (0.0723)

0.7108 (0.0533)

0.4459 (0.0501)

ser
0.2329 (0.8653)

Labour

0.2347 (0.0777)

Machine

0.1976 (0.0979)

-

-

-

-

Fertiliser

0.5290 (0.0934)

-

-

-

-

Land

-0.1347 (0.0705)

-

-

-

-

Capital

-

0.3101 (0.0535)

0.7869 (0.0462)
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-0.0043 (0.0271)

0.2952 (0.0444)

TE to the extent that the average TE increased to
37 per cent of best practice in 1997 against 20
per cent in 1991.

Using the estimated coefficients, TFP and TE
were calculated according to equations (2) and
(3), respectively, for each province. The national
TFP and TE, which are presented in Table 2,
were obtained by averaging the provincial
estimates. TE measures efficiency against the
benchmark of best practice. In the present study,
the larger is the TE for a province, the smaller is
the difference between the province and best
practice, and hence the less is the variability. In
all sectors, best practice was observed in either
Shanghai or Jiangsu province, both of which are
viewed as the most developed areas in China.
The first half of Table 2 shows that the
Agriculture sector has the smallest TE variability
as its average TE is around 60 per cent over the
period This is followed by the Services sector,
whose average TE is well above 50 per cent.
Although more TE variability is observed in the
Construction sector, it managed to improve its

The second half of Table 2 shows the TFP
growth rate. The results indicate that both the
A g r i c u l t u r e and Transportation, Post and
T e l e c o m m u n i c a t i o n s sectors experienced
significant accelerated TFP growth over the
period, whereas the other three sectors had
declining TFP growth. For the Industry and
Services sectors, TFP actually decreased towards
the end of the period.
Table 4. Industry: TE and TFP

Year

Table 2. National TE and TFP

1991
1992
1993
1994
1995
1996
1997

agr
0.61
0.59
0.59
0.59
0.59
0.60
0.63

ind
0.39
0.41
0.42
0.43
0.42
0.41
0.39

TE
con
0.20
0.24
0.29
0.33
0.36
0.38
0.37

tpt
0.33
0.28
0.26
0.26
0.27
0.29
0.34

ser
0.52
0.56
0.59
0.61
0.60
0.58
0.54

Year
1991
1992
1993
1994
1995
1996
1997

-0.02
-0.01
0.00
0.01
0.03
0.04
0.05

0.09
0.08
0.06
0.04
0.02
0.01
-0.01

TFP
0.35
0.30
0.24
0.18
0.13
0.07
0.02

-0.16
-0.11
-0.05
0.01
0.06
0.12
0.17

0.10
0.07
0.04
0.01
-0.02
-0.05
-0.08

Year

1991
1992
1993
1994
1995
1996
1997

East
TE
TFP
0.71 0.01
0.71 0.01
0.71 0.02
0.72 0.02
0.73 0.03
0.74 0.03
0.76 0.04

Central
TE
TFP
0.56 -0.01
0.55 0.01
0.55 0.02
0.56 0.04
0.58 0.05
0.61 0.06
0.64 0.08

Central
TE
TFP
0.37 0.09
0.38 0.08
0.40 0.07
0.41 0.06
0.42 0.05
0.43 0.04
0.43 0.03

West
TE
TFP
0.23 0.07
0.24 0.06
0.25 0.05
0.25 0.04
0.25 0.02
0.24 0.01
0.23 0.00

Table 5. Construction: TE and TFP

Year
1991
1992
1993
1994
1995
1996
1997

East
TE
TFP
0.23 0.24
0.30 0.17
0.38 0.10
0.46 0.09
0.52 0.06
0.55 0.04
0.55 0.01

Central
TE
TFP
0.20 0.18
0.23 0.14
0.26 0.11
0.29 0.10
0.31 0.10
0.33 0.10
0.33 0.06

West
TE
TFP
0.17 0.23
0.20 0.17
0.23 0.11
0.26 0.11
0.27 0.10
0.26 0.04
0.25 -0.01

An analysis of the regional breakdown of the
national figures sheds greater light on sectoral
TE and TFP movements.
Table 6. Transportation, Post and
Telecommunications: TE and TFP

Table 3. Agriculture: TE and TFP

Year

1991
1992
1993
1994
1995
1996
1997

East
TE
TFP
0.59 0.12
0.62 0.09
0.65 0.06
0.65 0.03
0.64 0.00
0.60 -0.03
0.56 -0.06

West
TE
TFP
0.56 -0.06
0.53 -0.04
0.51 -0.02
0.49 0.00
0.49 0.01
0.49 0.03
0.50 0.05
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Year
1991
1992
1993
1994
1995
1996
1997

East
TE
TFP
0.43 -0.08
0.39 -0.04
0.38 0.00
0.38 0.04
0.40 0.09
0.45 0.13
0.53 0.17

Central
TE
TFP
0.27 -0.19
0.23 -0.12
0.21 -0.06
0.20 0.00
0.20 0.06
0.22 0.13
0.26 0.19

West
TE
TFP
0.28 -0.21
0.23 -0.15
0.20 -0.09
0.19 -0.03
0.19 0.04
0.21 0.10
0.24 0.16

Tables 3 to 7 contain estimates of TE and TFP
by region and sector. The East region, which
refers to the eastern coastal area comprising 10
provinces, including Shanghai and Jiangsu, is
endowed with more developed infrastructure and
technology, and much higher levels of labour
force skills, as compared with the other areas of
China.
Table 7. Services: TE and TFP
Year
1991
1992
1993
1994
1995
1996
1997

East
TE
TFP
0.59 0.17
0.67 0.13
0.74 0.09
0.79 0.05
0.80 0.00
0.79 -0.04
0.75 -0.08

Central
TE
TFP
0.49 0.04
0.50 0.03
0.51 0.01
0.51 0.00
0.50 -0.02
0.49 -0.03
0.46 -0.05

West
TE
TFP
0.48 0.08
0.51 0.05
0.52 0.02
0.52 -0.01
0.51 -0.04
0.47 -0.08
0.43 -0.11

These favourable conditions have helped to
attract foreign direct investment and
technologies. The Central region includes 8
provinces neighboring the coastal provinces, and
the West region covers 12 provinces in the
interior western area.

Compared with Agriculture, the East region
clearly led the other two regions, and the Central
led the West. However, the magnitude of the
difference is almost twice as large as in the case
of Agriculture. For Agriculture, the average TE
for the East, Central and West regions were 72
per cent, 61 per cent and 51 per cent,
respectively. For Industry, these figures were 62
per cent, 41 per cent and 24 per cent,
respectively. While the East and West regions
recorded a declining TE in the last two or three
years, the Central defied the trend, showing a
steady increase in TE.
While there was still one region experiencing a
rising TE, all regions witnessed a declining TFP.
The East region suffered the most, with its TFP
growing at 12 per cent in the beginning of the
period and plummeting to a negative growth rate
at the end. The other two regions also recorded a
continuous decrease in TFP growth but
nevertheless maintained a positive growth rate.
Construction
As expected, the East region is more efficient
than the Central, which is more efficient than the
West. While TE rose continuously in all the
regions, the gap between them increased rapidly
over the years, which was not observed in the
other sectors. Initially, the East led the Central
by about 3 per cent, which was also the margin
of the Central over the West. By the middle of
the period, the gap between the East and Central
regions grew to 7 per cent, and then to 12 per
cent by the end of the period. The gap between
the Central and West regions also climbed to 8
per cent.

Agriculture
Table 3 shows that the East region clearly led the
other two regions. TE in the East region rose
steadily from 71 per cent in 1991 to 76 per cent
in 1997. Generally, the East region led the
Central by 10 per cent and the West by 20 per
cent. Whereas the East and Central regions saw
an upward trend in TE movements, the West
experienced a downward trend from 57 per cent
in 1991 to 50 per cent in 1997.

In contrast to movements in TE, TFP growth fell,
with the East and West regions falling more
significantly than the Central. This was partly
reflected by the nation-wide fact that the power
of machines per worker, as measured by
kw/person, fluctuated prior to 1995 and fell
afterwards (over the seven-year period 1991 to
1997, these figures were 4.0, 3.8, 4.3, 4.0, 4.7,
4.6 and 4.1).

The East also maintained a constant but mild
TFP growth, whereas both the Central and West
regions recorded negative growth rates.
However, the Central region enjoyed an
accelerated TFP growth after 1993 and surpassed
the East to become the region with the fastest
TFP growth. The West managed to catch up to
the Central region in 1997. Therefore, rising
TFP is observed in all regions, and rising TE is
observed in two of the three regions which
account for more than 70 per cent of the total
agricultural output.

Transportation, Post and Telecommunications
This sector has the most variable TE across the
regions. The East was significantly more
efficient than the other two regions. From 1995
onwards, TE in the East was more than double
those in the Central and West regions.

Industry
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over 7 years, which enabled regional
comparisons to be made and encompassed the
prominent eighth five-year period. Supporting
the fact that the East region is more developed
than the Central and West regions, there was
strong empirical evidence that the East was much
more efficient in all five sectors. The efficiency
gap between the East and the West regions
increased in all sectors. The Central region had a
higher growth rate of technical efficiency in
Agriculture towards the end of the period, which
helped reduce the difference between the Central
and East. The West region experienced
declining efficiency over time.
In the
Construction sector, all the regions improved
their efficiency over time, but the East
accelerated much faster than the other two
regions. The gap between the Central and West
regions also widened, but to a much smaller
extent. For Industry, the East region led the
Central by the same margin as Central over the
West, which seemed to show that economic
well-being in the region determines its industrial
sophistication.
For the S e r v i c e s and
Transportation, Post and Telecommunications
sectors, the Central and West regions were
equally efficient. This outcome shows that,
while the Central region was more developed
than the West, it had not yet reached the level of
development in the East to boost its tertiary
industry.

Improvement in TE only happened in the East
region over the period 1991 to 1997, rising to 53
per cent in 1997. A slight drop in TE in 1997
relative to 1991 levels was recorded in the other
regions.
TFP was rising steadily across all the regions.
The East started in a leading position relative to
the other two regions, but the gap was decreasing
over the years. The Central region matched the
East in 1996 and managed to surpass it in 1997.
By 1997 the gap between the East and West
regions narrowed to less than 1 per cent from 12
per cent in 1991.
Services
TE in the East region was generally rising
steadily, from just under 60 per cent in 1991 to
75 per cent in 1997. The Central and West
regions initially saw a rising TE, then a mild
reduction from 1991 to 1997.
TFP growth slowed down and declined during
the last two to three years. The biggest plunge in
TFP growth was recorded in the East region,
where it dropped to –8 per cent in 1997 from
17.3 per cent in 1991. A declining TFP could be
due to a massive labour movement rushing into
the retail and catering trade sector to seek reemployment or self-employment. They included
surplus labour force from the agricultural sector
and laid-off employees at state-owned
enterprises. Statistics show that employment in
the wholesale, retail and catering services sector
jumped by 60 per cent over the 1991 to 1997
period, whereas investment increased by only
12.8 per cent in real terms.

Strong total factor productivity growth was
recorded in Agriculture and Transportation, Post
and Telecommunications. For Agriculture, the
East led the other two regions in the first two
years, the Central took over and maintained its
lead throughout the rest of the period, and the
West surpassed the East in the final year. For
Transportation, Post and Telecommunications,
the beginning saw the East region leading the
Central, which led the West. The margin by
which the East led the other regions diminished
over the years due to higher total factor
productivity growth rates in the Central and
West regions. In all other sectors, total factor
productivity growth slowed down and was even
negative.

4. CONCLUSION
Rapid economic growth in the eighth five-year
period raised the question of whether the high
growth was achieved by augmenting economic
scales and increasing investment, through
productivity lifting and efficiency improvement,
or both. This paper analysed and evaluated total
factor productivity growth and technical
efficiency in the five sectors that cover the full
spectrum of the economy.

The paper also showed that high economic
growth in the eighth five-year period was
characterised by both investment and
productivity growth. Of the five sectors, growth
in Agriculture and Transportation, Post and
Telecommunications can be attributed to both
investment and productivity increases. Growth

A random effects panel data model was
estimated, which assumed a constant rate of
technological progress, to quantify TFP growth
and TE. The panel consisted of 30 provinces
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augmentation as their productivity growth
declined.
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